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450 SWEPTBACK WING AND TATIL SURFACES

By Jack D. Brewer and Jacob H. Lichtenstein
SUMMARY

An investigation has been conducted in the Langley stebility
tunnel to determine the effects of changes in horizontal-tail size and
locatlion on the static lateral stabllity characterlstics of a complete
model with wing end tall surfaces having the quarter-chord line swept
back 45°. '

Avallable procedures, based on analyses of unswept—tall configu—
rations, for predicting the effect of the horizontal tall on directional
stability, were found to be unrelisble when applied to swept—tall
configurations.

When the horizontal tall was located at the base of the vertlcal
tall, displacement,of the horizontal tail rearward Increased the
favorable contribution of the horizontal tail to directional stablility
at low angles of attack; at high angles of attack, the contribution of
the horizontal tall was unfavorable regsrdless of the horizontal loca—
tion. When the horizontal tall was located near the top of the verticel
tail, the contribution of the horizontal tail was highly favorable at
low angles of attack; at high angles of attack, the largest favorable
effect was obtained with the horizontal tall in a forward location.

The trends obtalned wlth the wing on were similar to those obtalned
with the wing off, but a large decrease occurred in the favorable effect
obtained at large angles of attack with the horizontal tall in the upper
positions; a probable explanation was the detrimental effect of the wing
wake arising from flow separatlon over the wing.

INTRODUCTION

Recent advances in the understanding of the principles of high—
speed flight have led to significant changes in the design of the major
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component parts of alrplanes. In many instances, conslideration is
given to conflgurations which are beyond. the range covered by available
design information regarding stablllty cheracteristics. The effects of
chaenges in wing design on stablility characteristlics have been exten—
slvely Investigated. In-order to provide Information on the Influence
of other parts of the complete alrplane, an Investigation of a model
having various interchangesble component parts is being conducted in
the Laengley stabllity tunnel. As part of thls investigation, the effect
of changes In the size and location of a swept horlzontal tall on the
statlc—lateral-stabllity derivatives was determined.

The effect of the horizontal tail has been rather extenslvely
investigated previously for alrplenes having unswept wing and tail
surfaces. As a result of an analysis of test results of several models,
pome simple rules for estimating the contribution of complete tail con—
figuration have besn proposed 1n reference 1. Results showing the effect
of horizontal—-tall size and locetion on the vertical-tail contribution
are presented in reference 2.

The present investigation was made, therefore, to check the validlty
of the earlier analyses when applied to configurstions incorporating
swept wing and tall surfaces.

SYIMBOLS

The dete presented herein are in the form of standard NACA coef—
flclents of forces and moments which are referred to the stablility
system of axes with the origin at the projectlion on the plane of sym—
metry of the calculated asrodynamic center of the wing. The positive
directions of the forces, moments, and angular displacements are shown
in figure 1. The coefficlents and symbols are defined as follows:

Cy, 11ft coefficient (L/gS)

Cx longitudinal-force coefficient (X/qaSy); Cx = ~p at ¥ =0
Cy latersl—-force coefficlent (Y/qSy)

Cy rolling-moment coefficient (L'/qswbw)

c, pltching-moment coefficlent (M/qswéw)

Cp yewing-moment coefficient (N/ qswbw)
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longitudinal force; X = D at V¥ =

lateral force

rolling moment

pitching moment

yawing moment

dynemic pressure

arsa

span, measured perpendicular to fuselage center line
chord, measured parallel to fuselage center line
mean aerodynasmic chord

chordwisge distance from leading edge of wing root chord
to quarter chord of wing mean aerodynsmic chord

chordwlse distance from lesding edge of vertical—taill
local chord to Tgfh

chordwlse distance from Ev-/ll- to EH/ll-

tail length, distance from model mounting point
to GV/ 1

aspect ratio (b2/ S)

effective aspect ratio s corresponding to theoretical
lift—curve. slops

" taper ratio

angle of attack

angle of yaw
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Koy horizontal~teil-erea correction factor
- ]
(AﬁV)E on
—_ -1
A
(*ov) ore ooy
(AGV)H on
—_— -1
(AGV)H off S_H=1.33_
A Jsy
Subcripts:
W wing
F fuselage
v vertical tail
H horizontal tail
r root
t tip

APPARATUS, MODELS, AND TESTS

The general research model used for the present investigation was
designed to permit tests of the wing alone, fuselage alone, or the
fuselage In combination with any of several tail configurations — with
or without the wing. A sketch of the complete model with one particular
tall configuration is shown in figure 2. A 1list of the pertinent
geometric characteristics of various component parts is gilven in
table I. All parts were constructed of mahogeny.
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The fuselege wes & body of revolution having a circular-arc
profile (fineness ratio 6.67). The wing and horizontal-tail surfaces
had an aspect ratio of 4.0, a taper ratio of 0.6, and an NACA 654008
profile (in sections perallel to the plane of symmetry); the quarter—
chord line was swept back 45°. The vertical tell was of the same
sweep, taper ratlio, and section but had an aspect ratio of 1.0.
Ordinates for the NACA 65A008 airfoil section are given in table II.

For the present investigation, horizontal tails of three different
areas were used. These talls are deslgnated as Hi, H2, and E3 (in the

order of increasing area) in teble I and figure 3. Horizontal tails Hi
and E3 were tested in only one location (the low middle location).

Horlzontal tail Hé was tested at three horizontal locations for each of
three vertical positions, as illustrated in figure 4. In referring to
the horizontal-tail configurations, the letters L, C, and U indicate
the vertical position as being lower, center, or upper, respectively;
and the letters F, M, and R indicate the horizontel locatlion as belng
forward, middle, or rearward, respectively. (A horizontal tail

designated (HE)CF: therefore, represents the horizontal tall of inter—

medlete aree mounted in the central verticel positicn and in the forward
horizontal location.) Most of the fuselage—taill combinstions were
tested with and without the wing mounted on the model. A complete list
of the configurations Investigated is presented in table III.

The model was rlgidly mounted on & single strut—at the point shown
in figure 2. Forces and moments were measured by means of a conven-
tional six—component balance system.

A photograph of & complete configuration ls presented as flgure 5.

In order to obtain the lift—curve slope of the lsolated verticael
tail, the tall was mounted on a small rod above the strut. The mounting
arrangsment for this configuration is shown in figure 6.

Tests were made at a dynamic pressure of 24.9 pounds per square
foot, which corresponds to a Mach number of 0.13 and to a Reynolds
number of 0.71 X 106, based on the wing msan aserodynsamic chord. The
engle of attack was varied from about —4° to 30° for angles of yaw
of--0° and #5°. The horizontal—tail incidence was kept at 0° for all
tesats.
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CORRECTIONS

The angle of attack, longltudinal-force coefficient, pitching—
moment coefficient, and rolling-moment coefficient have been corrected
for the effects of Jet boundaries. The data are not corrected for
blocking, turbulence, or support—strut interference.

RESULTS AND DISCUSSION

Presentation of Data

Results of the investigation are given in three parts. The first
part, consisting of figures 7 to 10, presents the longitudinal and
lateral stabllity characteristics of certaln basic configurations,
including the fuselage alone, the wing slone, the wing—fuselage com—
bilnation, and one camplete configuration. The second part (figs. 11
end 12) shows the effects on the lateral—stability derivatives of
variations in the area of the horizontal tail (when located in
the IM position). The effects on the lateral—stabllity derivatives
of variations in the vertical and horizontal location of the
Intermediste—slze horizontal tail (HE) are presented in the third part

(figs. 13 to 18).

- The model configurations are identifled in the Pigures by the
system of abbreviations explained in table ITII.

Characteristics of Some Basic Configurations

The pitching-moment results for the wing alone s Presented in
figure 7, show the asrodynamic center to be located st O.256W which

is In good agreement with the theoretical value given in refer—
ence 3 (0.26Gy). The isolated fuselage is shown to give the expected

unstable value of Cmu’ but the wing—fuselage combination has ebout the
seme value of Cmm (at small angles) as the wing slons. The stability

obtained with the wing—fuselage combination 1s in qualitative agreement
with results of an unpublished anslysis made by Schlichting and is
attributed to the loss in load over the wing near the wing—fuselage
Juncture and to the alteration In fuselage loading effected by the
upwash in front of the wing. (See, for exsmple, reference k.)
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In Interpreting data of-conflgurations including a wing, consid—
eretion must be given to the angle—of-aettack range over which the flow
does not separate from the wing. As pointed out in reference 5, an
indication of the limit of this range can be obtained by locating the

c
initial break in the plot of Cp — -"%w- sgainst angle of atteack.

Figure 8 presents a plot of this increment for the wing tested; the
curve lg shown to break at an angle of attack of approximately 7°.
Corresponding breaks for the wing-elone tests are shown in the pltching-
moment -curves and lift-—cosefficlent curves in flgure 7 and in the plots
of CYW and sz (fig. 9). A changs in the wing—wake characteristics

would also be expected at  this angle, and the resultant effects of the
verticel and horizontal tails would probably be somewhat erratic.

Regults for a complete configuration show that negative values of
an are provided up to an angle of attack of 19°., (See fig. 9.) The

tendency to becoms unstable at higher angles 1is attributed both to the
basic Instability of. the wing at those angles and to the decreased
effectiveness of the vertlcal tall due to the wing and fuselage wake.

An Incredse in Reynolds number or use of a device that would delay
geparation from the wing probably would improve the directlonal stabllity
of the complete model at high angles. The posgitive lncrease for the
complete model in CZW at o = 0° 1s provided mainly by the vertical

tall; as the angle of attack is increased, the moment arm decreases, s0
that the increment and consequently the slope of Cz¢ against o
decreased.

The lift-—curve slopes of the wing and'of the l1sclated vertical tall
are compared with theory in figure 10. Tests were made on the vertical
tail alone (mee fig. 6) to eliminate any interference effects produced
by the fuselage or horizontal tall. The experimental lift—curve slope
of the vertical tail (0.027) is shown to be about 13 percent higher
than that predicted by the theory. Other tests (for example, refer—
ence 6) have shown that CLm for sweptback surfaces of low agpect -ratio

is generally underestimated by the theory. The exparimentally determined
value of CLm for the wing (0.054) is in fairly close agreement with the

theoretical value (0.052).

Effect of Horizontal-Tail Area

The effect of a change in area of the horizontal tail (HUM) with
the wing off is shown in figure 11. With the vertical tall off, the
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effect of the horizontal tall on the static—lateral—stabllity phrameters
generally was neglligible except at very high angles of attack whers
increasing arsa had a beneflclal effect on the directional stability,
With the vertical tall on, an increase in horizontal—tail area had a
favaorable effect on qur at smell angles of attack. At large angles

of attack an increase in area generally had a detrimental effect,
probably because of flow separation at the Juncture of the horizontal
tail.

The increments in Cpy effected by the horizontal tail end by the

combination of the vertlcal tall and the horizontal tall are presented
in figure 12(a) for angles of attack of 0°, 10°, and 20°. In order to
meke these data comparseble with data on unswept surfaces the increment
in Cnﬂr was converted to a lift—curve slope by means of the rslation

(CLCL>V,H on B —<Acn'4)V+H %W_

and the corresponding effective aspect ratio of the vertical tall
obtained from figure 10. The dlrectional—stability parameter Cn¢,

rather than CYW, was used since 1t 1s considered the more important, as

well as the more rellable, parameter. It appears probable that ths
presence of the horizontal teil and fuselage changed the flow charac—
teristics in the region of the vertlcal tail, thereby altering the
effective tall length somewhat; consequently, the lift—curve slope
determined from the increment 1n Cn* could be expected to be different

from one determined by the Increment in CYW' Some 1lnconsistency between

increments of an and increments of CY? results from the nature of
the precision of messurement. An increment determined by the difference
of two quantities, each of which 1s large relatlive to the increment in .
guestion usually cannot be evaluated with high accuracy. In this respect,
en analysis based on Cn* is consldered to be more relisble than an
analyslis based on CY*’ since the model fuselage reduces the values

of an but increases the values of CY*. The effect of horlzontal—

tail area on the effective aspect ratio of the vertical tail for o = 0°
1s given in figure 12(b). The lower curve Ag A shows
V/H on/\ ®V/H off

the effect of the horizontal tail, including the contribution of the
tail itself and its end-plate effect. A similar ratio is presented in
figure 17 of reference 2 for unswept horizontal—-tail surfaces. Although
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the results of reference 2 appear to agree well with the swept—tail
results, they may not actually be comparable because the curves of
reference 2 are representative only of a conflguretion having the root
chords of the vertical and horizontal talls equal, whereas the present
results represent -conflgurations 1in which the root chord of the hori-
zontal tail was considerably shorter than that of the vertical taill.
The effect of a change in horlzontal—taell chord on the end—plate effect

is not known. The middle curve (AGV)H /(A9V>V Leolat d) ghows the
on golate

effects contributed by the horizontal tall and also those contributed by
the fuselage. Reference 1 Indlcated that—a usual value for this ratilo
was 1.55 for unswept tall surfaces. This value is seen to be greatly

in excess of the present values obtained with swept surfaces. The

upper curve ((ASV)H aqﬁmv) accounts for (1n addition to the effects of

the horizontal tail and fuselage) the limitations of the theory for
predicting (Clu)v' The difference between the upper and middle curves

indicates the error that would be obtained if the theoretical CLu were

nsed for thls aspect ratio., It l1s expected that thls error will decrease
as the aspect ratlo of the surface increases.

It should be polnted out that a change In horizontal—tail incildence
would be expected to affect the horizontael-tail contrlbution; however,
the effect of change in tail incidence was not Investigated in the present
teste — the teil having an incidence of 0° on all configurations.

Effect of Horizontal-Taill Dlsplacement

The effect on the lateral—stability derivatives of -longitudinsl
displacement of the horizontal tail for each of three vertical positions
is ghown in figure 13 for the model with the wing off and in figure 1k
for the model with the wing on. The lateral gtability characteristics
for the model with horizontael taill removed are presented in figure 15 in
order that the incremental contribution of the horizontal teil may be ’
determined. The effects of varistlons in the horlzontal-taill location
are shown most clearly by means of the plots presented in figure 16 of
the increments (ACYJE,< ACn*SH, and (P K0y ), rosulting from the

addition of the horizontal tail. The absclsea scale indicates the
longitudinal location of the aserodynemic center of the horizontal tail;
the vertical_location of the abscissa scale shows the vertical level of
the horizontal tall.

Because the magnitudes of the Increments considered generally are
small, complete conslstency of the results cannot be expected; however,
the trends resulting from systematic variations 1n the tail configuration
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are congidered to be relisble. OFf the increments (ACY#)H and (Acn¢>H

the latter is believed to provide the more rellable indication of the
influence of the horlzontal tall on vertical—tall sffectliveness, as was
polnted out in the previous section.

Wing off.— With the wing off, rearward movement of the tall (in the
lower posltion) resulted in an increase in directional stability
and Cy, &t lov angles of atteck. (See figs. 13(a) and 16.) This

result is in qualitative egreement with results obtained In reference 2
for unswept horizontel talls. At higher angles, the directional stability
approached zero regardless of the longitudinal location of the tail. The
beneficlal result of the rearward movement ls attributed partly to an
increase in the end—plate contribution of the horizontal tall, for when
the horizontal tall 1s mounted in a region where the fuselage 1s rather
thick, it 1s unable to produce much additional end—plate effect to that
already supplied by the fuselage. In the more rearward positions, where
the fugelage is thin, the end~plate effect of the horizontal tail is more
apparent. The change in CYW and Cnv with an increase in angle of

attack is slso not unexpected; as the angle of attack increases, the
effective sweep of the vertical tall increases and, since the lift-—curve
slope of & 1lifting surface usually decreases with an increase in sweep,

e loss In QY* (and Cﬁ?) occurs. The loss becomes greater at the higher

engles where the fugelage boundary layer envelops the lower portion of
the vertical tail; shielding by the horlzontal tail probably causes a
further decrease in the vertical—tail effectlveness,

The theory presented 1n reference 2 Indlcates that little or no end—
plate effect should be expected from the horizontal tail when it is In
the central vertlcal position. The present resultes show that the hori-—
zontal tail, when mounted in thig position, had even a slightly adverse
effect in mogt instances; that 1s, the combination of the vertical tall
and the horizontal tail produced smaller increments in the parameters
than the vertical tail alone. (See fig. 16.) There was almost no change
in vertical—tall effectiveness with increasing angle of attack (until
large angles) probably because the downwash of the horizontal tail itself
tended to counteract the unfavorable effect of the increased sweepback.
(See fig. 13(b).) At high angles of attack, a loss occurs in ny

and C_ , as 1t did for the lower positions, presumably because of adverse

effects of the fuselage boundary layer over the lower portion of the
vertical tail and shleldling by the horlzontal tail.

When the horlzontal tall is mounted in the upper posltions, the full
end-plate effect of the horizontal tail 1s reallzed in addition to the
effect supplled by the fuselage. The most favorable increments In CY@
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end an, therefore, are obtained for the horizontasl tall in these

positions (fig. 16). The variation of the increments in CY* and Cp,

wlth angle of attack was found to be slightly favorable for the horli-
zontal tall in the upper positions; at large angles, the effectiveness

of the vertical tail did decrease, but less rapidiy than when the hori-
zontal tall was mounted in either of the lower positions. (See fig. 13(c).)
At zero angle of attack, a change in longitudinal location (for the upper
vertical position) had 1little effect on the increments; but at higher
engles the most favorable longltudlnal position — from the standpoint of
directional stability — was found to be the one farthest forward, for,
with the horizontal tell in the resrward location, presumably only a
portion of its downwash can counteract the effects of the increased
effective sweep of the vertical tail (brought about by the increase in
angle of attack). In the forwerd location, however, the portion of the
vertical tall affected by the downwash should be greater and more favorable
values of the Cer and an result; the horizontal tail probably also

pupplles the greatest end-plate effect in thls location, since it covers
the portlon of the vertlecal tell where the pressure difference beltween
the two surfaces (and consequently the tip flow) is greatest.

Wing on.— The trends obtained with the wing on (figs. 14 and 16) are
generally the same as those obtalned with the wing off, but the advantages
of the upper positlons at hlgh angles of attack appsar to be greatly
diminished, probably because of the wake behind the wing which is partly
gtalled at those angles. The favorable results obtained with the wing off
probably could be more nearly obtained if a device (for example, slats)
was installed on the wing to prevent flow separation.

General .— The results would. appear to lndicate that the optlmum
location for the tail was farther rearward (at low angles) for the lower
positions and farthsr forward (at high angles) for the upper positions
than the extrems positions investigated herein, Therefore, brief tests
(not presented) were made with the horizontal tail mounted in the lower
pogition and in & location farther back than the rearmost location

presented (éo that élﬂ= 0.#). The results showed a decrease in tail

c
v
effectiveneas at o = 09, the values of the increments being approxi-—

mately equal to those obtalned for éL = 0 (fig. 16). No additional
A

tests were made in the upper positlons, but—1t is doubtful that much
additional effectiveness could be attained at o = 20° by moving the
horizontel tail farther forward because of the possible loss of end—

plate effectiveness.
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As the horizontel tail is moved up {at low angles of attack) the
Increment in CZW tends to change 1In & positive direction. This may be

due, in part, to an upward shlft In the center of pressure of the vertical
tail. It is probable, however, that & more important effect results from
the antlisymmetrical load induced on the horizontal tail by the tip
vortlices assoclated with the load carried by the vertical tall, With

the horizontel taill in the lower position, the tip vortex at the base of
the vertical tall would be expscted to have the predominant effect and
would tend to produce a negative increment in 'CZ¢‘ The opposite effect

(positive increment in Clv) would be expected when the tail is in the
upper position. o

The changes 1n vertical—tail effective aspect ratio (determined
as described previously from the increment (ACn 1)')]5[ glven in fig. 16)

are shown in figure 17. The varlation of (Aev) /(Aev) with
H on H off

horizontal displacement 1s substantlally greater than that obtained
with unswept—tall surfaces (reference 2). The values

of (Aev) /(Ae )V , which include the effect of fuselage
H on VN 1solated

interference, are geen to be generally less than the value of 1.55
suggested for unswept tail surfaces in reference 1.

In order to make these results comparable with unewept—tail results,
the more general curves of figure 18 were determined (by interpolation
and, in some cases, extrapolation of the curves of fig. 17). The theo—
retical curve predicted by analyses of unswept—tail results {reference 2)
is included and shows consistently larger values for the ratio, although
the variation with vertical position of the tall was generally similar.
The curves presented are for an angle of attack of 0° only, and it has
been previously noted than an increase in angle of attack generally
decreases the dlrectional stabllity in the lower and center positions
and consequently reduces the ratio. In the upper positions, an increase
in o results in an Increase in the value of the ratic to a value
substantially greater than that predicted by theory (for example, in

the UF position the value of (A ) (A at o = 20°
P ov/m on/ ®V/E off

weg 2.1). These results are further indications of the unreliability

of present methods (based on unswept—tail results at an angle of attack -
of 0°) in predicting the effect of swept—taill surfaces on the latersl— e
stabllity derivatives.

Application to Deslign

Although the present investigation was conducted with specific
wing and tall plan forms and for a speclfic fuselage, the results
should be suitable for making estimastes of the horizontal—tail
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contribution to the directional stability of-any airplane having approx—
imstely the configuration of the model tested. In the usual case, the
tail contribution to directional stability is expressed as

. 1
Ay, = _(Cla)v %ﬁ;

where

1s frequently referred to as the tell—volume coefficlent,
and the vertical~tail lift—curve slope (Clu)v mey be obtained from

theory (such as reference 3) when the sweep sngle, the taper ratio, and
the effective aspect ratioc A ere known. The problem, therefore, is

ev.

to egtimate the effective aspect ratio Aev of the vertical tall when

in the presence of the fuselage and horizontal tail. A possible
expression for the effective aspect ratio of. the vertical tail is as
followa:

Boy = (Aev)n ore ¥ Xog l:(AeV)H on (Aev)ﬂ off:!
which also can be written In the form

A
ey = (Aev)H ore 9T+ oy (:V)H — -2 (2)
( eV)H off

A

The effectlve aspect ratlo of the verticel tail in the presence of the
fuselage (AGQ)H ofr Wes found, for the configuration investigated, to

be about 1.17 times the effective aspect ratio of the isolated vertical
tail. Thig factor, however, would be expected to depend on the shape
end slze of the fuselage, particulsrly in the vicinity of the vertical
tail. The effect of the horizontal tall is expressed by the

torm KSE %Ezg%i_iig-— 1| where (Aev)ﬂ an/(AQV)E off mey be obtained

from figure 18. The curves of figure 18 are presented for the specific

horizontal-tall size investigated (that is E% = 1.33) and must be

corrected for any other size by the factor KSH.'"If'variations in

glze of the horlzontal taill are assumed to have the same relativs
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effect on AeV regardless of the horlzontal-tail location, the

factor KSE can be expressed as

-KAGV)E on
B L(AW)H of £ {8y /Sy
F(AGV)H on |

(ASV)H offjsi;:l.ﬁ

L

-1

This factor has been evaluated from the solid curve of figure 12(b)
which represents the effects of variations in area of the horizontal
tail, when located at the base of the vertical tail. Values of KSH’

determined in this masmner, are presented in flgure 19.

The design procedure indicated by the use of figures 18 and 19 in
conjunction with equation (1) can be expected to apply only at small
angles of attack. At higher angles of attack, for the horizontal-tail
locations below the midspan point on the vertical tall, the actual
horizontal—tail contribution would be expected to be smaller than that
predicted. For horizontal talls near the top of the vertical tail, the
indicated procedure would be expscted to lead to conservative results
at higher angles of attack.

CONCLUSIONS

The results of an investigation tc determine the effect of
horizontal—tail size and position on the static—lateral-stability
derivatives of a complete model with wing and teil surfaces having the
quarter—chord line swept back 45° indicete the following conclusions:

1. Available procedures (based on anslyses of unswept taill con—
figurations) for predicting the contribution of a horizontal tail to

15
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directional stabllity, have been found to be unrellable when applied to
a tall configuration having 45° sweptback surfaces. The effects of
varlations In ares and vertical location of the horizontal tail could
be predicted quelitatively at zero angle of attack. The longitudinal
location of the horizontal tail, except at the lower position, and the
angle of-attack were found to be lmportant additlional factore that
could not be accounted for by avallable procedures.

2. For the wing-off configurations, increasing the area of the
horizontal tail (when mounted at the base of the verticel tail) has a
stabilizing effect at low angles of attack, but at-high angles of attack
the effect tended to become destabillzing.

3. The contribution of the horizontal tall to directional sta—
bility at zero angle of attack was beneficlal when the horizontel tall
was located at either the top or bottom of the vertical tall with the
greatest benefit generally occurring for the top position. When
located at the center of the verticael tall the effect of the horizontal
tail generally was slightly adverse.

L, For the wing—off configurations, when the horizontal tail was
mounted at~—the base of the vertical tall, the contribution of the hori-
zontal tall to directional stabillity at smasll angles of attack became
more favoreble as it was moved toward the rear. At angles of attack
near 20°, the contribution of the horizontal tall was unfavorable,
regerdless of 1ts horlzontal locatlon.

5. For the wing—off configurations, when the horizontel tall was
mounted near the top of the vertical tall, the contribution of the hori-—
zontal tall to directlional stabllity at small angles of attack was
favorable over the range of longitudinal locatlons investigated. At
angles of attack near 20°, the largest favoreble effect was obtained
with the horizontal teill in the forward locatiom.

6. The trends obtained with the wing on were similar to those
obtalned with the wing off, but & large decrease occurred. in the favor—
able effect obtalned at large angles of attack with the tail in the upper
positions; a probable explanation was the detrimental effect of the wing
wake arising from flow separation over the wing.

Lengley Aeronautical ILaboratory
Netional Advisory Committee for Aeromsutics
Lengley Alr Force Base, Va., September 1, 1949
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TABLE I.— PERTINENT GEOMETRIC CHARACTERLSTICS OF MODEL

Fuselage:
Tength, INCHES « + « o o o s o s o o o o+ « o s o s o o o o o s 40.0
TINeness YEELO0 « + o o « o o o o o o o o s o o 0 o 0 v e 0. s 6,67

Wing:
Aspect TatI0, Ay o v o ¢ v 4 v e e e e e e e e e e e e e 4.0

Taper T8B10, My « + ¢ o o ¢ o 4 4 b e e e e e e e e e 0.6

Querter—chord sweep angle, AOZrEOS « v « » o s o &+ « o o o o 45
Dihedral angle, d6gre68 .+ ¢« « ¢+ o« o « s o v ¢ o ¢ o o o & o+ . 0
Twist, degreeos . « « « ¢ ¢« « « o o o & e e e e h e e s e
NACA airfoil section . v v o 4 v v v v v v o o g+ o o« o o 658008
Area, Sy, SQUATe INCHES .+ « & « o + o =+ o 0 o o 0 o o o o oo 32k

spw , bw ’ mche S L L] L] . L] . . . L] . . . L] . . L] L - L) L] L . L] 36
Mean serodynemic chord, Cy, 1nCheS . « « « & ¢« o « o o + o « » 9.9 -

Vertical tall:
Aspect ratio, Ay o o v o v e e e e e e s e e e e e e e e e 1.0

Taper T@blo, My « o ¢ o ¢ 4t 4t 0 0 e e e e e e e e e 0.6 «

Quarter—chord sweep angle, dAOgre6s . « « « ¢ o « o o s o o o 45
NACA airfoll mection . . v « « « ¢ v o o o ¢ o o o o+ « + « 654008

Area, Sy, SqUare INCHES .+ « + « « v v o v o v 0 0 0o . . . 4B.E
Spm, bv ’ inches . . . L] - . . L) L] . [ L] L] . L] L] . . . . L] . L 6 . 97
Mean aerodynemic chord, cy, inches . . + « « ¢ ¢« ¢ v ¢« o o W T7.12

Tail length, 1, INCHOE & + o « o o = s o « 6 o o v v s v e e 16.7
Area ratilo, SV/SW T ¢ B

Tail-length ratio, 1/by « « « « o+ o o o o o o o o s« o . O.46L

Horizontal tail: Hy Hy Hg
Aspect ratlo, Ag . . . .« . . 0 0. . 4.0 4.0 k.0
Taper ratio, AF « « « ¢ « o ¢ « o+ o & 0.6 0.6 0.6
Querter—chord sweep angle, degrees . . . b5 45 L5
Dihedral angle, degrees . « . + « « + . - 0 0 0
Twist, degrees . .« . ¢ ¢« v ¢« ¢ ¢ 0 . 0 0

0
NACA airfoll section . . . . . . . « . . 65A008  65A008 654008
Aree, Sy, square inches . . . . . . . . 32?&0 6k ,80 7.20

Span, by, inches . « « + « « o 4 . o s 11.38 16.10 19.72

Mean serodynamic chord, Gy, inches . . .  2.91 .11 5.04 )
Ares ratio, Sy/Sy .« ¢+ o e e e .o .. 010 0.20 0.30
Area ratio, Sg/Sy .« + ¢ e 0 e e e 0 e 0.67 1.33 2,00
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TABLE IT.— ORDINATES FOR NACA 65A008 ATRFOIL

[Station and ordinates in percent airfoll chor@]

Station Ordinate
o} 0
.50 62
TS5 N p)
1.25 .95
2.50 1.30
5.0 1.75
T.5 2,12
10.0 2.43
15 2.93
20 3.30
25 3.59
30 3.79
35 3.93
4o )1
L5 3.99
50 3.90
55 3.7L
60 3.46
65 3.14
T0 2.76
5 2.35
80 1.90
85 1.43
90 .96
95 .49
100 .02
I.. E. radius: 0.408

19
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TABIE ITII.— CONFIGURAT,IDNS INVESTIGATED
Wing off Wing on
Conflguration Tigure Configuration Figure
) g &
L 9
F 9 W+ P 9
F+7V 15 W+ P+ YV 15
P+ (Hl)IM -----------------------
F + (B SRYC) I [N P
F+ (H)zM | | mmmmmmmmsmmmemmees 0 mmmes
F+ 7T+ (Hl)IM -----------------------
F+ 7+ (B 1) | memmee-- e R
F+V+ E)m | 0 | memmmmmmmmmemeeeee | emeee
F+7V+ (B)p W+ F+ 7+ (B)p
F+V+ (Hp)iy 13(a) W+ F+V+ () 1h(a)
F+V+ (H)g W+ F+V+ (B)rg
F+V+ (B W+F+V+(H2)CF
F+V+ (E)y 13(b) W+F+V+ () 14(b)
F+7V+ (B W+ F+V+ (B)eg
PV (B)ur Ve T eV ()
F+7V+ (E)um 13(c) W+ F+7+ (B)um 14(c)
F+7+ (B W+ F+V+ (B)yg
ST NACA o7

1Notation: RS

W wing

¥ fuselage For detalls, see figure 2.

v vertlical tail

HE  horizontal %all; subscripts 1, 2, and 3 refer to size (see

fig. 3); letters L, C, and U refer to vertical location,

end letters F, M, and R refer to horizontel location
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